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resumo 
 
 
Nos dias de hoje os veículos de combustão estão a se tornar 
cada vez mais eficientes para o tamanho do seu motor, 
produzindo mais potência e menos emissões nocivas em 
utilização por capacidade de motor. Infelizmente, o consumo de 
combustível é muito sensível à forma como os condutores 
conduzem os veículos, sendo facilmente afetado por más 
decisões de condução. 
 
Nesta dissertação apresentamos o DPT (Driver Personal Trainer), 
um assistente móvel que providencia feedback em tempo real 
baseado num indicador de eficiência. O DPT recolhe informação 
da centralina (ECU) e comportamento do veiculo, juntamente com 
dados fisiológicos do condutor. Depois de recolhida, esta 
informação pode ser analisada utilizado uma ferramenta de 
analise desenvolvida para o efeito, de modo a compreender 
melhor as reações do condutor em diferentes cenários. 
 
Utilizando o assistente do DPT, o condutor pode ajustar o seu 
estilo de condução com base no feedback providenciado pelo 
assistente de modo a ter uma condução mais eficiente. 
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abstract 
 
Nowadays the vehicle’s combustion engines are becoming more 
and more efficient for their size, producing more horsepower and 
less exhaust emissions per liter capacity. Unfortunately, the fuel 
consumption is very sensitive to the way the driver drives the 
vehicle, being easily affected by some bad driving decisions. 
 
In this dissertation we present the DPT (Driver Personal Trainer), 
a mobile assistant that can provide real-time feedback to the 
driver based on a direct indicator of efficiency. The DPT collects 
online information from vehicle ECU, dynamics and driver 
physiology. Later this information can be analysed using a 
developed offline analyser tool with the goal to understand the 
driver actions in different scenarios. 
 
Using the DPT assistant, the driver can adjust its driving style 
according to the indicator feedback resulting in a more efficient 
driving. 
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 Introduction 
1.1 Motivation and context 
Nowadays the vehicle’s combustion engines are becoming more and more efficient for their 
size, producing more horsepower and less exhaust emissions per liter capacity. 
Unfortunately, the fuel consumption is very sensitive to the way the driver drives the vehicle, 
being easily affected by some bad driving decisions. The driving style of a driver can 
sometimes be aggressive, especially in heavy traffic situations, in those cases the heartrate 
increases, this can lead to sudden steering wheel movements, unnecessary hard braking and 
more throttle than needed, resulting in more fuel consumption and more exhaust emissions 
from the vehicle. 
Air pollutant emissions from 1990 to 2014 had reduced [1], especially with the introduction 
of the stricter Euro emission standards and fuel quality standards. Nether less, the air 
pollution is a major concern in modern society, it can lead in advance appearance of some 
diseases and even in the increases of mortality rate if subjects are exposed to it in a continued 
way. According to a study published in 2004 [2], the long-term exposure to air pollution for 
subjects with residence near a major road can increase its mortality rate by 2.5 years, chronic 
pulmonary disease by 3.4 years, chronic ischemic heart disease by 4.4 years and diabetes for 
4.4 years.  
According to ENMC (National entity for the fuel market) data [3] in the last two years (2015-
2017) the fuel prices did not varied much, but in every fuel price increase there is a negative 
impact in the profit of companies that use fuel in its business (e.g. transport company’s). 
Even in a family that uses a car in a daily basis every fuel increase has a negative impact in 
the family budget, so if fuel consumption is dropped, it always has a good impact in 
company’s profit or in family’s budget’s. 
Driving in fatigued conditions is dangerous and can be compared with driving in drunk 
conditions in terms of driver attention. According to some study’s [4] , around 20% of all 
road accidents are fatigue related, knowing this, some car manufactures already develop 
some systems to detect when the driver is becoming drowsy. This in-car systems can use 
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steering wheel pattern movements, driver eye/face monitoring and physiological 
measurement like HR signal [5]. 
1.2 Objectives 
The high-level objective of this work is to provide a technical solution that help characterize 
how the driver perform while driving with the goal to help them drive in a safer and 
conservative way. Our ulterior objective, outside of the scope of this work, is to use our 
system to better understand driver’s behaviours in different scenarios namely finding driving 
characteristics to take into account to provide better advice the driver while driving. 
Our main result is the DPT (Driver Personal Trainer), a mobile assistant that can provide 
real-time feedback to the driver based on a direct indicator of efficiency (Fuel Trim). The 
DPT is able to online collect information from vehicle ECU (Engine Control Unit) (Throttle, 
Fuel Trim, Load, RPM, etc), vehicle dynamics (GPS, Acceleration, Gravity, Rotation) and 
driver physiology (ECG, HR). All this information is collected and possible to review using 
a dashboard (DPT-OA), this matches the vehicle geographic position with the collected 
information and can be later used to identify markers and scenarios of efficient driving. 
These markers and scenarios can be used to incorporate driver information and improve the 
feedback of the DPT in the future. 
1.3 Dissertation Structure 
This dissertation is divided into the following chapters, excluding this one. 
 Chapter 2 – Related Work, this chapter presents some related works of our current 
work (DPT mobile solution). We give a brief explanation of the selected ones and 
compare them with the DPT mobile solution. 
 Chapter 3 – Driver Personal Trainer, this chapter explains how the DPT was 
implemented, explaining its main objective, implemented architecture, 
implementation of the DPT-OA, collected data model and synchronization. 
 Chapter 4 – Evaluation Trials and Results, in the chapter we explain the context in 
which the information was collected, how it was collected in the different trials and 
present a detailed analyse to the collected information in each trial. 
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 Chapter 5 – Conclusions and Future Work, in this chapter we present the thesis 
conclusion, what we have learned and some future work to be done. 
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 Related Work 
Assisting the driver while driving with the goal to adjust its driving style to a more efficient 
one is a subject of great interest, nowadays, many car manufactures spend more and more 
resources in developing more efficiently solutions for this matter. Driving in a more efficient 
way depends of many factors (road traffic, vehicle used, driver state, driver car interactions, 
etc), some systems take some factors in account other do not. In this chapter we will present 
some related works, giving special focus for the ones that use similar information with the 
information used in the DPT. In the end of the chapter we present a comparison between the 
selected similar works vs DPT. 
2.1 Driving Coach 
 
Figure 1 - Driving Coach UI (User interface) 
Driving Coach [6] is a smartphone application developed in Faculdade de Engenharia da 
Universidade do Porto by Rui Araújo, Ângela Igreja, Ricardo de Castro and Rui Esteves 
Araújo. Its goal is to help drivers improve their driving behaviour, in a way to reduce the 
vehicle fuel consumption (driving more efficiently). The application reads the ECU signals 
from the OBD2 port using a Bluetooth device and with the help of a classification algorithm, 
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gives evaluation feedback to the driver. Besides giving the evaluation feedback, the 
application displays some direct feedback metrics, fuel rate and acceleration (Figure 1). 
To perform the data acquisition, the developers used a well-known android application called 
Torque Pro [7], the acquired dataset consists in six different metrics: 
 Speed 
 Acceleration 
 Altitude 
 Throttle percent 
 Instant fuel consumption 
 Engine rotations. 
 The application uses tree different classifiers, the first one for evaluation of the driving 
condition (urban, highway and combined), for this purpose, the vehicle velocity was used. 
A second one, uses the results of the first one, combined with the vehicle manufacture fuel 
consumption rates for each driving condition, and classifies the driving in a scale from 0 to 
4 (visible stares classification in Figure 1). The last classifier is responsible for determine in 
real-time a useful driving tips to the driver with the goal to adjust its driving pattern 
behaviour in a more efficient one. 
 
2.2 Artemisa 
 
Figure 2 - Android Smartphone running Artemisa’s Data Acquisition System 
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Artemisa [8] is an Android smartphone application that assists the driver in adopting a more 
fuel efficient driving style, it was developed in Universidad Carlos III by V.Corcoba Magaña 
and M. Muñoz-Organero.  
Similar to Driving Coach [6], Artemisa uses a classification algorithm to classify and assist 
the driver while driving, the mobile solution is separated in two modules, the Artemisa’s 
Data Acquisition System (Figure 2) and the Expert System. The Data acquisition system 
acquires the Fact Base that is used in the Expert System classification, it consists on the 
following metrics attributes: 
 Speed (ECU) 
 Acceleration 
 RPM 
 Current Gear 
 Tire temperature 
 Tire pressure 
 Throttle position 
 Brake position 
 Fuel consumption 
 Model (vehicle) 
 Slope road 
 Type road 
 State road 
 Weather conditions 
 Location 
 Speed (GPS) 
The Expert System consists in four components (Figure 3): 
 Preprocessing Module – Filters anomalous data and generates the information that is 
used in the classifier. 
 Facts Base – Stores the information acquired in the acquisition system. 
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 Knowledge Base – Contains rules that define what is efficient driving, these are 
updated with the classifier results (initial rules are extracted from manuals about 
efficient driving). 
 Classifier – Random Forest classification algorithm. 
 
Figure 3 - Artemisa Expert System diagram 
Using these four components, the Artemisa Expert System is able to give eco-driving tips to 
the driver while driving in response of current driver actions, based on past driving results. 
2.3 MIROAD (Mobile-Sensor-Platform for Intelligent Recognition Of 
Aggressive Driving) 
 
Figure 4 – MIROAD running on an iPhone 4 smartphone in a driving event [9]. 
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MIROAD [9] is a mobile application (iPhone) that evaluates driving movements with the 
goal to detect aggressive driving movements. The application was developed in the 
University of California by Derick A. Johnson and Mohan M. Trivedi. 
MIROAD uses the smartphone internal accelerometer, gyroscope and magnetometer 
(compass) sensors, GPS and back camera to detect, record and classify the vehicle 
movements. According to the research, the smartphone internal sensors can detect movement 
with similar quality to the vehicle CAN bus (Controller Area Network), making the 
MIROAD cheap, flexible and reliable in the quality of the acquired signal. The MIROAD 
uses a combination of the smartphone x-axis rotation rate, y-axis acceleration and pitch 
signals with the classical DTW algorithm to detect the vehicle movements events, the results 
were good, nearly 97% of the aggressive events were correctly identified. 
2.4 Scania Driver Support – Onboard driver coaching 
Scania driver support [10] is a real-time support system integrated in some Scania trucks 
(Figure 5), the system gives the driver hits and feedback with the goal of adjusting the driver 
driving style. The Scania Driver Support is designed for professional truck drivers and comes 
integrated as standard in every Scania vehicles that has an EBS (Electronic Braking System), 
range-splitter gearbox (12- or 12+2-speed, manual or with Scania Opticruise) and Scania 
Retarder. 
 
Figure 5 - Scania Driver Support example displayed on a truck dashboard [11]. 
The Scania Driving Support gives different types of feedback to the driver. One of them is a 
score in percent for each category or a total score of all category’s (Hill driving, Brake use, 
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Anticipation and Choice of gears [12]), these feedback is continued displayed and it is based 
on the actions that the driver does in each category in the driving session (Figure 6). 
 
Figure 6 - Scania Driver Support - Percent feedback evaluation interface 
Besides giving a score feedback, the Scania Driving Support gives hits combined with a star 
rating from 0 to 5 when one of the category’s situation occurs (Figure 7). 
 
Figure 7 - Scania Driver Support - Driving tips with star rating feedback 
Also, the Scania Driving Support gives gears recommendations when shifting manually 
(Figure 8). 
 
Figure 8 - Scania Driver Support - Driving gear change warning 
According to Scania [10] the usage of the driver support system showed improvements of 
10% in fuel consumption and the fuel consumption variations were also dramatically 
reduced from 15-20% to 5%. Besides reducing fuel consumption, keeping the driver skilled 
over time reduces costs in vehicle maintenance, so, keeping the driver in a constant driving 
training in very attractive for vehicle fleet operators. 
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2.5 Comparison of solutions features 
To compare the selected work’s to the DPT, we selected some key aspects that we considered 
more relevant in this type of assistant systems (Table 1).  
 Driving Coach Artemisa MIROAD Scania Driver 
Support 
DPT 
Gives direct feedback YES NO NO YES YES 
Uses driver physiological 
information 
NO NO NO NO YES 
Uses 
environment information 
NO YES YES YES YES 
Uses 
vehicle information 
YES YES NO YES YES 
Stores the collected 
information 
NO YES YES in 5 
minutes 
segments 
NO YES 
Collected information 
exportation 
NO NO YES NO YES 
Has an offline analyser NO NO YES NO YES 
Easy upgradable YES YES YES NO YES 
Easy changed from a 
vehicle to another 
(Portable) 
YES YES YES NO YES 
Table 1 -- Existent driver assistant systems comparison with the DPT mobile solution 
We considered direct feedback to be, a direct (with no previous data processing) information 
of a collected value in real-time (no major delays). Besides the DPT, only the Driving Coach 
and the Scania Driver Support use it. 
None of the selected work’s uses driver physiological information. In similar engines, using 
the engine input information (different throttle percentage, current air temperature and 
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pressure, etc) and some of the terrain information (uphill/downhill percentage) it is easy to 
predict the next behaviour of the engine. However, the driver reactions are different from 
driver to driver, or even in the same driver, depending of the driver state (if the driver is 
angry or distracted), the driving pattern will be different. Having some driver physiological 
input gives the DPT and advantage over the other assistant systems that do not use it. 
Environment information, we considered to be the rotation and g-forces applied while 
driving, only the Driving Coach did not use any of this information. This information can 
give insight of the car behaviour, if it is braking, accelerating, cornering, uphill, downhill, 
etc. 
ECU information is used in every of the selected systems except in the MIROAD that uses 
mostly the smartphone internal sensor to detect aggressive movements (the authors used 
ECU information, only to validate the solution). 
Driving Coach uses data collected from another application, so, the application has no direct 
capability of storage data. The Artemisa stores collected data to later use it in the 
classification (Artemisa data acquisition system, figure 2). The MIROAD records all data in 
five minutes segments, if the recorded segment has no potentially-aggressive maneuver, the 
system automatically deletes it, this data can be used later for offline analyse in an 
application developed to view all the synced data. The Scania Driver Support is an integrated 
system in some Scania vehicles, we did not find and exact information relating this matter, 
so, we considered that it does not store any of the collected information, neither has data 
exportation or an offline analyser. Differently, the DPT stores all the collected information 
(synchronized and full data of each data source) for later analyse in an application developed 
for this effect. 
Like Driving Coach, Artemisa and MIROAD, the DPT is a Smartphone application that can 
be easily upgradable (the DPT-OA can be easily updated to), being smartphone applications 
that uses external and portable sensors, this systems ca be easily migrated from one vehicle 
to another making them portable. 
In overall, the DPT uses all the key aspects that we considered more relevant in this type of 
systems. This makes the DPT an assistant with great potential, that with some upgrades (in 
terms of information analyses) can be one of the best assistants around, considering that is 
low budget and offers good functionalities. 
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 Driver Personal Trainer (DPT) 
In this chapter we will present the details of the DPT. We will start by analysing the main 
objective, the available hardware and its restrictions, specifying the main requirements and 
discussing the approach taken for the implementation. 
The DPT, is a mobile solution to assist the driver, the main objective is to collect information 
from vehicle and driver while driving and provide real-time feedback to the driver. The 
feedback is based on the collected information, these should be a direct indicator of 
efficiency – it may include warning messages for other types of information. The goal of the 
mobile solution is to help the driver adjust its driving style to a more efficient one. 
3.1 Architecture  
While driving, the driver can only interact with the car in a certain level, i.e. using the 
available controls, steering wheel, gearbox (in manual ones) and pedals. These interactions 
will result in new information in the current driving scenario, so, collecting it and analysing 
it, is of great importance to advice the driver according to a more efficient driving style. For 
that, we will use different sensors to collect information of different types, for a better 
understanding of the mobile solution, we design a diagram of the overall solution in Figure 
9.  
The driver interacts with the vehicle, resulting in new responses from the car ECU, the ECU 
information is being collected using the ELM327 that will transmit it via Bluetooth to the 
Android mobile phone running the DPT. The DPT will receive the HR signal from another 
external sensor (VitalJacket [13]) via Bluetooth. Additionally, the DPT collects GPS 
information and the other mobile internal sensors information’s to get a better understanding 
of the current driving scenario.  
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Figure 9 - Mobile solution architecture diagram 
 
The data acquisition is done in real-time with all the sensors information synced the overall 
mobile solution works in a loop like system where the feedback is based on the instant 
information and context of the driving event. 
3.2 The sensors 
The different information collected by the system as origin in several sensors, some are 
internal of the mobile phone (or smartphone) and other are external devices connected via 
Bluetooth. 
In DPT architecture we assumed a standard Android Smartphone for which the device used 
in the development is a good example:  a Huawei Ascend P7 mini (Figure 10), running 
android 4.3 (Jelly Bean), capable of working with multiple Bluetooth devices with several 
embedded sensors namely Light, Linear Acceleration, Rotation, Gravity and GPS sensors. 
The internal GPS sensor has A-GPS and GLONASS making it more accurate and fast in 
getting a signal in built-up areas.  
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Figure 10 - Huawei Ascend P7 mini running DPT assistant 
 
 
Figure 11 - VitalJacket wearable ECG from Biodevices 
For monitoring the driver, our focus was on the heart rate (HR). Although there are several 
options, we relied on VitalJacket (Figure 11) available for the project. The VitalJacket is 
produced by Biodevices SA, it is a wearable vest that collects several vital signals from a 
person using electrodes placed in the person’s body. It can store the collected information in 
an internal storage card or transmit it via Bluetooth to different devices (phones, laptops, 
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etc), these characteristics makes it excellent for the current driving context i.e. the driver 
moves freely with the vest, since no wiring between the driver to the smartphone is needed, 
and the smartphone connection is facilitated using the VitalJacket android SDK. 
 
Figure 12 - ELM 327 
The collection of ECU information from the car relied on a device connected to the vehicle 
OBD2 port to scan for the ECU signals. We choose to use an ELM327 Bluetooth device 
(Figure 12), that, on request, reads the ECU available information and transmits it to the 
smartphone via Bluetooth. The used ELM327 is developed by Vgate [14] and it is a 
professional OBD scan tool, this has a more reliable processor unit than the traditional cheap 
OBD2 Bluetooth readers. To note that although several options exist on the market, their 
reliability may be an issue as in initial tests, using a cheaper ELM327 product we found 
limitations namely on the supported sampling rate from the ECU. The cheaper version did 
not support frequencies higher than 20Hz and presented unreliable connections even at 
slower rates. The current version did not present these issues. 
3.2.1 Selected indicators 
Not every OBD2 declared car metrics are always available, the availability depends on the 
car model - some manufactures bloke the access of some PID’s via OBD2. For the selection 
of the car metrics to use we performed preliminary tests to assert which metrics were 
available via OBD2 in the car used (a ford fiesta mark 6 1.25i) in this work tests. The list of 
available sensors is present in table 2 
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Metric Description 
Distance Mil On Distance travelled since engine start 
Ignition Monitor On/Off state of the ignition monitor system 
Timing Advance % in timing adjustment of the spark ignition 
cycle 
Load Engine load % 
RPM Engine rotations per minute 
Throttle Position Throttle % 
Fuel Trim % of fuel mixture adjustments -100 to 100% 
scale 
Intake Manifold Pressure Pressure applied in the intake manifold (used to 
power the brake system) 
Air Intake Temperature Temperature of the engine air 
Speed Vehicle speed in km 
Table 2 – Available data from a ford fiesta mk6 1.25 ECU via OBD2 
All available metrics were acquihired, but only the throttle, fuel trim were considered for 
analysis. 
One of the decisions made was on the information used to characterize the driver 
behaviour/actions. For the driver actions information, we could use the acceleration and 
gravity to infer steering wheel movements and braking/throttle actions, but these values 
would imply further analysis namely to capture relevant patterns, therefore not directly 
usable. The only option that could be provide direct feedback was the throttle position i.e. 
the driver puts or lift the foot of the throttle. The minimum value recorded of the throttle 
position in all the route is 6.7% (not 0% like that should be expected when the driver haven’t 
got the foot on the throttle), this value appears when the driver is not accelerating and the 
engine is working, because, for the engine to be kept working, the air intake butterfly valve 
must be slightly open, this valve is controlled by the throttle, so, since the throttle used is 
electronic (not cable throttle like old cars), the ECU keeps 6.7% of throttle when the driver 
is not pressing it. 
40 
For the fuel efficiency indicator one opinion was to use the fuel consumption rate from the 
ECU. Unfortunately, the used vehicle does not support this PID code via OBD2. According 
to B. Lightner [15] it is possible to calculate this value using MAF and the VSS data, 
unfortunately the used vehicle does not support the PID code for the MAF data, only for the 
MAP. It is still possible to calculate the MAF based on the MAP and some other data, but 
all this math can lead to some precision’s errors and does not give us a direct insight of the 
unburned fuel, so we chose the fuel trim data for the fuel efficiency.  
 
Figure 13 - Fuel Trim operation diagram [16] 
The fuel trim (Figure 13) gives us the engine combustion efficiency, basically the fuel trim 
value is the percentage of the adjustment the ECU makes, in the quantity of fuel injected in 
the intake manifold to maintain the ideal air-fuel mixture for a complete combustion (i.e. 
14.7 parts of air per one part of fuel). If the fuel trim value is 0%, this means that the 
combustion has exactly enough air to burn all the fuel, if the fuel trim is below 0% the engine 
has not enough air to burn all the fuel, resulting in unburned fuel and more bad emissions, if 
the fuel trim is over 0% the engine has more air than needed to burn the injected fuel, 
resulting in less bad exhaust emissions. 
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3.3 DPT assistant 
 The DPT assistant is the main visible application interface of the DPT Android application. 
It is responsible for collecting the information (both driver and car) and to present feedback 
to the driver. 
The DPT assistant application provides two different modes, one providing raw reading from 
the data sources, the other diving driver assistance. These modes can be commuted by using 
a single swipe. 
3.3.1 Raw data collection UI 
The “Raw data” interface (Figure 14), contains a configuration section with some indicators 
of the externals data sources status, an activation section to activate the desire data sources 
for recording, including some configurations buttons for connecting the external Bluetooth 
devices (ELM327 and VitalJacket) and a button to start/stop the recording. When a data 
source is activated, a new section showing its available data types becomes visible, but the 
respective data is only displayed when the recording is started. 
 
Figure 14 - DPT Raw data interface 
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3.3.2 Assistant UI 
The DPT assistant (Figure 15), has two similar screen, they only differ in the type of data 
displayed. Both provide a gauge indicator to give direct feedback to the driver (the actual 
metric used it Fuel Trim, the selection is better described in data analyse section). The line 
chart in the bottom presents an historic view of the last 20 seconds of changes in the gauge 
values. This, helps the driver control the effects of its driving reactions based on the indicator 
historic results. The selection of a car gauge analogue gauge was made as it is familiar to 
most drivers. It provides the main driving metric output. In the top, the warning messages 
are presented whenever a predefined event occurs (the message is displayed for 1 second). 
These interfaces only work if the DPT is collecting data. 
 
 
Figure 15 - DPT main UI (Light indicator) 
 
3.3.3 Warning messages and selected indicator 
Based on the data analyse we did so far, the warning messages that we can give to the driver 
will be more related to the travelled route, in a way to anticipate what comes ahead, (e.g. 
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warning that an intersection is near) so that the driver ca keep the throttle more normalized 
and the HR lower. 
We defined some messages for testing purpose in the early selected route, the messages will 
be: 
 “Calm down” when the HR is greater than 160 bpm. 
 “Intersection” when the driver is near an intersection (defined fixed intersections for 
the early selected route) 
 “Roundabout” when the driver is near a roundabout. 
Since this is for testing purpose of proof of concept only, only static intersections for the first 
section will be analysed (Shopping centre car park entry and gas station entry) but more will 
be defined in the DPT mobile application. 
For the interface indicator, the Fuel Trim will be the selected one, with a modified gauge 
(Figure 16). 
 
 
Figure 16 - DPT main UI (Fuel Trim indicator) 
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3.4 DPT- Offline analyser (DTP-OA) and collected data 
A web application was developed specially for this type of data analyse (DPT offline 
analyser DPT-OA). It provides an option to display all data collected from DPT in the global 
log “Global_Log.csv” file. By default, when imported from the mobile, this file is placed in 
the data folder of the DPT-OA (Figure 17). As the information is synchronized, it is possible 
to use the DPT-OA to relate the several measures with the actual driver route in the map. 
The metrics can be extracted/reviewed for the entire driving section or for specific intervals 
selected over the map using flag icons as markers (i.e. start and end). To create a small trip, 
we just press the desired points/locations in the line chart (viewing the corresponding 
location in the map while mouse over the chart) and a new section on the right will appear 
with statistics for the selected small trip (between the flags in the map). 
The graph support zooming on specific sections by just selecting the section in the graph 
with the mouse (Figure 18). 
 
 
Figure 17 - DPT Offline Assistant (DPT-OA) - Using zooming support to analyse data in a specific section to relate 
fuel trim with throttle and HR 
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The DPT-AO also provides exporting capabilities in CSV format for the complete session 
or for the route segmentation section. 
Figure 18- DPT-Offline Analyser (DPT-OA).: it allows selecting indicators (left) and review their evolution along 
time (bottom graph) and is space (top map) 
3.5 Implementation details 
For the implementation of the mobile solution we developed a mobile Android application 
(DPT) to monitor and assist the driver while driving, and a web application (DPT-OA) to 
analyse offline the data of each driving event. To transfer the data from the DPT to the DPT-
OA, we used CSV files, for the DPT-OA to use these files, they have do use a pre-defined 
model described in the Data Model (3.6.1), only the synced one, that contains all the acquired 
data (Global_Log.csv) is used in the DPT-OA. 
3.5.1  Data model 
Prior the actual implementation of the DPT system the first stage was to identify the data 
sources and define the data model and organization.  
One important option was to use a folder based data organization and adopt CSB as based 
data format. For each data collection, a new folder is created in witch its name is the date 
and the time of the recording in the format YYYY-MM-DD_HH-MM-SS. We store the 
acquired information in different CSV files, each is related to a specific data source, in more 
detail: 
 “Global_Log.csv”, contains all the acquired data synchronized.  
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 Location_Log.csv containing GPS information collected from the smartphone;  
 OBD2_Log.csv for ECU information;  
 Sensor_Log.csv for mobile sensor information;  
 VitalJacket_Log.csv for VitalJacket information and a ECG file for each ECG signal 
received from the VitalJacket). 
The content of the CSV files are organized in tables, in more detail, each CSV file contains: 
Location_Log.csv: 
1. TimeStamp (ms) 
2. TimeStamp (UTC) 
3. Latitude 
4. Longitude 
5. GPS Speed (km/h) 
6. Height (m) 
Sensor_Log.csv: 
1. TimeStamp (ms) 
2. TimeStamp (UTC) 
3. Light (Lux) 
4. Linear Acceleration X (m/s^2) 
5. Linear Acceleration Y (m/s^2) 
6. Linear Acceleration Z (m/s^2) 
7. Rotation Vector X (m/s^2) 
8. Rotation Vector Y (m/s^2) 
9. Rotation Vector Z (m/s^2) 
10. Gravity X (m/s^2) 
11. Gravity Y (m/s^2) 
12. Gravity Z (m/s^2) 
OBD2_Log.csv: 
1. TimeStamp (ms) 
2. TimeStamp (UTC) 
3. Distance MilOn (km) 
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4. DTC Number 
5. Ignition Monitor (On/Off) 
6. Timing Advance (%) 
7. Load (%) 
8. RPM (rpm) 
9. Throttle Position (%) 
10. Fuel Trim (%) 
11. Intake Manifold Pressure (Kpa) 
12. Air Intake Temperature (ºc) 
13. Speed (km/h) 
VitalJacket_Log.csv: 
1. TimeStamp (ms) 
2. TimeStamp (UTC) 
3. Battery level (%) 
4. HR (bpm) 
ECG-“timestamp”: 
1. TimeStamp (ms) 
2. TimeStamp (UTC) 
3. ECG. 
Global_Log.csv: 
1. TimeStamp (ms) 
2. TimeStamp (UTC) 
3. Light (Lux) 
4. Linear Acceleration X (m/s^2) 
5. Linear Acceleration Y (m/s^2) 
6. Linear Acceleration Z (m/s^2) 
7. Rotation Vector X (m/s^2) 
8. Rotation Vector Y (m/s^2) 
9. Rotation Vector Z (m/s^2) 
10. Gravity X (m/s^2) 
11. Gravity Y (m/s^2) 
48 
12. Gravity Z (m/s^2) 
13. Latitude 
14. Longitude 
15. GPS Speed (km/h) 
16. Height (m) 
17. VJ Battery level (%) 
18. HR (bpm). 
19. Distance MilOn (km) 
20. DTC Number 
21. Ignition Monitor (On/Off) 
22. Timing Advance (%) 
23. Load (%) 
24. RPM (rpm) 
25. Throttle Position (%) 
26. Fuel Trim (%) 
27. Intake Manifold Pressure (Kpa) 
28. Air Intake Temperature (ºc) 
29. Speed (km/h) 
30. Warning MSG 
3.5.2 Obtaining data from ELM327 
The ELM327 from Vgate, does not include an android SDK like biodevices provide for the 
use of the VitalJacket development. To use the ELM327 we used an external java library 
(obd-java-api [17]) developed by Paulo Pires. This java library has the ability to connect to 
different ELM327 devices versions and provides user friendly methods to translate the 
OBD2 PID’s to formatted results. 
3.5.3 Data Synchronization 
In the DPT Android application, besides using the usual Android activity’s and fragments 
classes for the in the development, in the aim of develop a better structed architecture we 
used separated Android background services for each data source acquisition. To help 
understand the synchronization and communication in the DPT we provide an activity 
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diagram (Figure 19) with the fragment’s, activity’s and service’s of the DPT Android 
application. 
Figure 19- DPT activity diagram 
Every service uses a developed class (LogCSVWriter.class) for writing csv files in the pre-
defined model, the CollectorService writes the Global_Log.csv, MobileLocationService the 
Location_Log.csv, MobileSensorService the Sensor_Log.csv, OBD2Service the 
OBD2_Log.csv and VitalJacketService the VitalJacket_Log.csv. 
Not all the data sources provide information in the same way, some are asynchronous and 
other are synchronous. The solution we chose to get the information synced, was to collect 
the current information of all the sensors in a given moment in the CollectorService, with 
this solution we stored the synced data in the Global_Log.csv at a rate of 4HZ (four samples 
per second). Each other service writes information at the maximum collected frame rate, for 
the OBD2Service we used a rate of 4HZ to avoid damaging the ELM327. 
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 Evaluation - Trials and Results 
In this chapter we start by presenting the acquisition context, describing where it was 
collected, the route and vehicle used characteristics. 
Later we provide a detailed analyse in the collected data over the defined route, this was 
done using the DPT-OA with the goal to get some insight of the driver behaviours relatively 
to the route characteristics.   
4.1 Data acquisition context 
The DPT evaluation was performed in Aveiro, more precisely in a circular route of 7 km 
(Figure 20), starting and ending in the same point near Glicinias Plaza (a known shopping 
center in Aveiro). This route includes different traffic patterns, speed limits and some 
variations in topology i.e. some uphill/downhill/flat parts and roundabouts. 
 
Figure 20 – Route using during trials: it comprises roundabout (1-5), traffic heavy (1-2) and low traffic (3-4), 
To relate the collected data with the route different characteristics, we split it in different 
sections (A, B, C, D) between the roundabouts numbered in Figure 6. 
 Section A: Between roundabout 1 and 2, this section is flat, with medium car traffic, 
has some traffic jams in holidays or in lunch time, since this is the access to the main 
shopping centre in Aveiro. 
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 Section B: Between roundabout 2 and 3, this section is mostly flat and straight with 
only one right corner in the end, has some uphill in the beginning, followed by a very 
small downhill (approximately 30 meters), flat surface and a downhill in the end 
corner. Car traffic flows easily most of the time since there are no stopping signals 
or intersections. 
 Section C: Between roundabout 3 and 4, this section is like in and industrial area (no 
houses, only an events warehouse, periodically used). It has a straight road between 
the roundabouts, from roundabout 3 to 4 the road is uphill and from 4 to 3 downhill. 
Car traffic flows very easy since this part of the road has a high-speed limit (90km/h), 
no intersections and most of the time, the number of cars passing is minimum. 
  Section D: Between roundabout 3 and 5, this section in the direction from 3 to 5, has 
an uphill part right after roundabout 3, until the main road that leads to the roundabout 
5. The main road is flat, but the roundabout 5 has a high traffic, in fact, it’s entries is 
where most traffic jams occur in Aveiro city.   
Brand Ford 
Model Fiesta Mark 6 
Year 2005 
Fuel type Petrol 
Power 75 hp/5500 rpm 
Engine displacement 1252cm3 Naturally aspirated 
Weight 1030 kg 
Tyre size (used) 195/45 R16 84V 
Tyre type (used) Bridgetone Potenza RE050A 
Tyre fuel consumption (used) F (A-G scale, lower to higher) 
Table 3- Used vehicle specifications [18] 
The vehicle used is described in Table 3 and the driver is 30-year-old with 12 year of driving 
licence. Before starting collecting data, the driver must check the engine temperature, only 
if the engine is in the optimal temperature that the driver can start the data acquisition. Due 
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some budget limitations, only one driver will be used and only one data acquisitions will be 
done in each trial.  
4.2 Trials 
We performed two trials: 
 Trial 1 – Data collection, we collected data from (mobile sensor, GPS, vehicle ECU 
and VitalJacket) without any feedback to the driver of the assistance to the driver (we 
used raw data interface) 
 Trial 2 – Data collection + feedback, we collected data as in trial 1, but provided 
feedback to the driver (warning messages and Fuel Trim as car analogue gauge). 
4.2.1 Trial 1 – Data collection only 
 Minimum Medium Maximum 
Throttle 6,7 % 18,4 % 100 % 
Fuel Trim -12,5 % 0,3 % 10,9 % 
HR 61 bpm 113 bpm 192 bpm 
Table 4 – Route trial one, overall indicators statistics 
In trial 1, the total distance was 7,3 km in a total of 10 minutes and 2 seconds. We measure 
(Table 4) an average 11,7 % (18,4 % - 6,7 %) of throttle which is a great value, the maximum 
was 100 %. The Fuel Trim average was 0,3% which is an excellent value, this means that 
the engine only did an average of 0,3% adjustments. Since it is a positive value, we can say 
that in the route, the engine intake mixture was a little lean, meaning that in average there 
was enough air to burn the fuel injected in the engine, resulting in les unburned fuel 
emissions i.e. less bad exhaust emissions. The HR was not bad for a subject of 30 years old, 
but there was a maximum of 192 bpm which is a very high value for the subject, later in the 
sections analyses we will try to get some insight of what happened to the other indicators 
when the maximum HR occurred.  
Using the DPT-OA, we did a more detailed analyse in each section, first we started analysing 
the average values of each section, then, with the help of the DPT-OA we tried to get some 
context from the data. 
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4.2.1.1 Section A: 
In this section we notice (Figure 21) an increase in the HR at 60000 ms and another increase 
at 78000 ms, both were in car intersections, the first was in the shopping centre car park 
entry and the second was in the gas station entry (maximum HR value in the section, table 
5), so according to this observations, every time the driver came across intersections the HR 
increased, in the last observation, the HR increased very rapidly, where the driver had the 
reaction to take the foot from the throttle (minimum throttle value in the section) in 0.8 
seconds (821ms). This could mean that the driver had to brake to avoid a possible crash or 
some similar situation. Another thing that we can view is that the Fuel Trim is directly related 
to the throttle, every time the driver gives more throttle, the combustion becomes rich (Fuel 
Trim > 0) and each time the driver eases up the throttle the combustion becomes lean 
resulting in more unburned fuel exhaust gases. 
Figure 21 - Throttle, the fuel trim and the drive HR in Route trial one, section A: 
 
 Minimum Medium Maximum 
Throttle 9,8 % 19,1 % 42,7 % 
Fuel Trim -9,4 % -0,9 % 4,7 % 
HR 83 125 bpm 192 bpm 
Table 5 - Summary (minimum, medium and maximum) of Throttle, Fuel Trim and the driver HR in the route of trial one, 
section A  
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4.2.1.2 Section B: 
In this section we can view (Figure 22 and Table 6) similar results to what happened in 
section A (Figure 21 and Table 5), every time the driver is near an intersection the HR rises. 
Since this section is longer than section A, another thing that we can view with more data, 
is, that the longer the HR stays high, the less linear the throttle actions are. As a result, the 
fuel trim alters more from zero than when the HR is lower, resulting in more fuel injection 
or in more unburned fuel exhaust gases. With this observation we can assume that the longer 
the HR stays high, the less efficiency the driving becomes. 
Figure 22 - Throttle, the fuel trim and the drive HR in Route trial one, section B 
 
 Minimum Medium Maximum 
Throttle 9,8 % 22,2 % 100 % 
Fuel Trim -11,7 % 0 % 6,3 % 
HR 77 bpm 122 bpm 180 bpm 
Table 6 - Summary (minimum, medium and maximum) of Throttle, Fuel Trim and the driver HR in the route trial one, 
section B indicators statistics 
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4.2.1.3 Section C: 
In this section, the road is a straight-line with good visibility and very low car traffic. The 
only new observation (Figure 23 and Table 7) we found was that the HR increased a couple 
of meters before entering each roundabout, inside the roundabouts the HR was low. The 
assumption that we make based on the observation, is that the HR increases when a 
roundabout is visible and there is no visibility to the other entries, as soon as the driver had 
visibility of the other entries car traffic, the HR decreased, and the throttle remain constant. 
One small observation is that with 100% throttle the fuel trim remain 0% (the driver did this 
in a straight-line, one in uphill another in downhill). 
Figure 23 - Throttle, the fuel trim and the drive HR in Route trial one, section C 
 
 Minimum Medium Maximum 
Throttle 9,8 % 28,3 % 100 % 
Fuel Trim -12,5 % -0,3 % 7,8 % 
HR 67 bpm 116 bpm 182 bpm 
Table 7 - Summary (minimum, medium and maximum) of Throttle, Fuel Trim and the driver HR in the route trial one, 
section C indicators statistics 
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4.2.1.4 Section D: 
In this section we had the same observations (Figure 24 and Table 8) as in the other sections, 
the HR increases near intersection and decreases when visibility becomes clear. We can 
observe that this happened, for example, in the entry of the main road or the roundabout even 
with car traffic. 
Figure 24 - Throttle, the fuel trim and the drive HR in Route trial one, section D 
 
 Minimum Medium Maximum 
Throttle 10,6 % 23,6 % 56.9 % 
Fuel Trim -4,7 % 1,5 % 8,6 % 
HR 71 bpm 123 bpm 171 bpm 
Table 8 - Summary (minimum, medium and maximum) of Throttle, Fuel Trim and the driver HR in the route trial one, 
section D indicators statistics 
 
4.2.2 Trial 2 – Data collection and driver assistance 
In the overall, we had (Table 9) a lower average throttle value and better maximum and 
minimum Fuel Trim than in the first trial. The HR value was lower, specially the maximum 
that was less than the average value of the first trial. These overall values differ between the 
two trials, this is most likely due the difference in car traffic conditions, in the first trial, the 
data was collected at 11:45, near lunch time, were many people usually came to the shopping 
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centre to have lunch (i.e. more traffic in the selected route). In the second trial, the data was 
collected at 22:20, where car road traffic is low. 
Using the DPT-OA, we did a more detailed analyse to the section A of the travelled route. 
 Minimum Medium Maximum 
Throttle -7,8 % 20,2 % 100 % 
Fuel Trim -8,6 % 0 % 8,6 % 
HR 75 bpm 92 bpm 103 bpm 
Table 9 - Summary (minimum, medium and maximum) of Throttle, Fuel Trim and the driver HR in the route trial two, 
overall indicators statistics 
 
4.2.2.1 Section A: 
In this section, the DPT app showed and recorded the defined warnings relating to the 
intersections (value 10 in the events), but, the HR did not alter like in the first trial. With this 
observation (Figure 26 and Table 10) and the ones in the first stage (Figure 21 and Table 5) 
we will assume that the road traffic is the major influence in the HR incensement. 
Figure 25 - Throttle, the fuel trim and the drive HR in Route trial two, section A 
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 Minimum Medium Maximum 
Throttle 10,2 % 14,8 % 22,4 % 
Fuel Trim -7,8 % -0,6 % 5,5 % 
HR 86 bpm 93 bpm 101 bpm 
Table 10 - Summary (minimum, medium and maximum) of Throttle, Fuel Trim and the driver HR in the route trial two, 
section A indicators statistics 
4.3 Overall results 
Based in the overall observations in both stages, we can establish that the HR can be a direct 
indicator of the road conditions, specially of car traffic. Based on the HR and throttle values 
we detected the driver physical reaction time in a possible emergency braking situation (trial 
one, section A). 
Using Fuel Trim as an indicator in the DPT Assistant resulted in better Fuel Trim, maximum 
and minimum values. According to the driver, trying to keep the Fuel Trim gauge in the 
green section was not easy, but with practice probably the result will be better. A higher Fuel 
Trim minimum, results in less unburned fuel emissions, a lower maximum, results in lest 
wasted fuel in the combustion, in short, the engine efficiency was improved with the 
different driving actions from the driver. 
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 Conclusions and Future Work 
In this dissertation we presented the DPT system, it is composed by a mobile android 
application DPT for collecting online data of a driving event and an offline web application 
DPT-OA for offline analyse of the collected data. The DPT is installed in an Android 
smartphone, it collects data from the smartphone internal sensors and some affordable and 
easy to install external sensors (ELM327 and VitalJacket). These features make the DPT 
unique since it is a low budged and portable system that can be easy migrated from on vehicle 
to another. 
Most of the drivers assistance system’s that exists came embedded in the vehicles and cannot 
be migrated from one to another vehicle (for example, Scania Driver Support [10]). We 
analysed some systems that are not embedded in vehicles, but did not find any one that 
collects and uses driver physiological information (this is an advantage for the DPT vs the 
other ones that we analysed). There are some easy to migrate systems that are used to collect 
driver information with the goal to learn the driver habits i.e. some insurance boxes[19], this 
are used to evaluate the driver risk factor of having a possible car crash based on driving 
patterns. Unfortunately, these systems do no offer direct feedback to the driver, nor help the 
driver drive more efficiently. 
The DPT helps drivers drive in a safer and conservative way, this can reduce fuel 
consumption and reduce fuel emissions per distance travelled. This benefit the environment 
and public health, especially in air polluted locations i.e. roads with major vehicle traffic. 
Reducing fuel consumption can also benefit family budgets that uses a vehicle in a daily 
basis or a company’s profit that uses vehicles in its business by reducing the money spend 
in fuel. 
The DPT assistant has an easy to view interface that uses a well-known car gauge like display 
for the direct feedback of the selected indicator (Fuel Trim), it has an historic line graph view 
of the last 20 seconds of the indicator values. According to the driver, this helped in adapting 
its actions to the indicator alterations. The warning messages gives the possibility to alert 
the driver of any possible panic situations or of road parts that require more attention of the 
driver i.e. intersections. 
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5.1 Future Work 
The evaluation results of the DPT-OA presented in the dissertation gave some insight of the 
driving behaviours in different scenarios, however, a further validation is needed, given the 
limited number of drivers (only one), the reduced number of trials and the different road car 
traffic in the trials. 
The main aim of this dissertation was on implementing (DPT) and validating (DPT-OA) a 
solution for a driving session that collects information from engine, car dynamics and 
physiological giving real-time feedback to the driver with the goal to improve the driving 
efficiency. The developed validation solution (DPT-OA) gave insight of the relation between 
driver physiology, actions in different road scenarios. The solution performed well, however, 
in the future, some updates can be made to gather more information types, and to give more 
assistance to the driver. 
For future work, some of these updates could be made without any need of new hardware or 
sensors. 
 Use the smartphone rear camera to detect road signs and give more assistance in 
braking, especially when the road sign is becoming closer and the driver is not 
stopping. 
 Give different type of warnings based on the severity, including sound warnings for 
the most severe ones. 
 Use the front camera with eye tracking to detect the level of attention on the road, 
giving the possibility to evaluate the level of distraction that the DPT can make to 
the driver, warnings in case of distraction, etc. 
 Use the HR signal to detect the fatigue level of the driver. 
Collecting information from driver could be useful in other scenarios, for example, for fleet 
management of delivery trucks. Reusing the developed DPT, DPT-OA and a web server, it 
is possible to develop a new solution that monitors a group of drivers, giving to the manager 
the power to know how are the most efficient drivers, putting those in longer trips and 
eventually saving in fuel costs. 
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 Attachments 
7.1 Location log 
This file “Location_log.csv” (Figure 26) contains all the collected information from the 
smartphone internal GPS sensor in a driving session. 
 
Figure 26 – Location_log.csv file content 
 
7.2 OBD2 log 
This file “OBD2_Log.csv” (Figure 27) contains all the collected information from the 
vehicle ECU in a driving session. 
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Figure 27 - OBD2_Log.csv file content 
7.3 Sensor log 
This file “Sensor_Log.csv” (Figure 28) contains all the collected information from the 
smartphone internal sensors (Light, Linear Acceleration, Rotation and Gravity) in a driving 
session. 
 
Figure 28 - Sensor_Log.csv file content 
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7.4 VitalJacket log 
This file “VitalJacket_Log.csv” (Figure 29) contains all the collected information from the 
vitaljacket used in the driver in a driving session. 
 
Figure 29 - VitalJacket_Log.csv 
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7.5 ECG signal information 
This file “ECG-1506424782749.csv” (Figure 30) contains all the collected information from 
and ECG signal (500 samples per signal) from the VitalJacket used in the driver in a driving 
session. 
 
Figure 30 - ECG-1506424782749.csv file content 
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7.6 Global log 
This file “Global_Log.csv” (Figure 31) contains all the collected information from the GPS 
sensor, other smartphone internal sensors (Light, Linear Acceleration, Rotation and 
Gravity), vitaljacket and ECU in a driving session. The information is all synchronized at a 
rate of 4 samples per second (4Hz). 
 
Figure 31 - Global_Log.csv file content 
